Abstract. The protein compositions of uterine secretions in young and aged hamsters during early pregnancy were studied by polyacrylamide slab-gel electrophoresis. Uterine luminal fluids were collected by flushing with a small amount of saline. A broad area of very rapidly migrating proteins, which was undetectable in plasma samples, appeared in the uterine fluids on Days 4 and 5 of pregnancy, which is when implantation occurs in this species. More protein bands were noted in this region in aged females in contrast to those of young females. Further, in the uterine fluids of aged hamsters, a post-albumin protein band disappeared at estrus and on Day 1 and the protein compositions in the post-transferrin region differed between the young and aged females. The qualitative changes in the protein content of the uterine fluids may account for the high rate of embryonic loss in aged hamsters.
hamsters during early pregnancy in order to determine whether uterine secretions change, and whether changes are related to the embryo wastage in aged females.
Materials and Methods

Animals
Female golden hamsters were kept under controlled conditions on a 10-h darkness/14-h light schedule and fed ad libitum. The vaginal discharge of each female was checked prior to mating to assure that the females had normal estrous cycles [14] . Twelve animals each were assigned to young (9-12 weeks of age, n=12) and aged groups (43-53 weeks of age, n=12). The females in the aged group had been repeatedly mated at intervals of [10] [11] [12] weeks until examination at 43-53 weeks of age according to our previous studies [1] [2] [3] . Two females each were examined at estrus and on Days 1-5 of pregnancy, Day 1 corresponding to the ur previous studies showed that about 25-30% of preimplantation embryos are lost in aged hamsters [1] [2] [3] , and that the surface ultrastructure of the uterine epithelium is altered as maternal age increases [4] . These observations prompted us to consider the relationship between embryo viability and uterine environment, since reproductive tract fluids provide a suitable environment for passage of spermatozoa and ova, fertilization, and development of the preimplantation embryo. Considerable attention has been directed to the protein composition of the oviductal and uterine fluids in several species [5] [6] [7] [8] [9] [10] [11] . However, little information on protein profiles of uterine fluids is available for the hamster, except for some reports on oviductal secretions [12, 13] . In the present study, therefore, protein compositions of uterine fluids were compared between young and aged presence of spermatozoa in the vaginal smear.
Collection of uterine fluids and plasma
The successfully mated hamsters in both young and aged groups were anesthetized by an intraperitoneal injection of pentobarbital sodium. Blood samples were taken and their reproductive tracts were excised and trimmed off all excess tissues. Each uterine horn was flushed with 50 µl of physiological saline. After centrifugation, the supernatants and plasma samples were stored at 20 C until analysis.
Electrophoresis
One µl plasma and 40 µl uterine flushing from each female were run on vertical polyacrylamideslab gels consisting of a 4% stacking layer and a 10% separating layer. The buffer system was Trisglycine running buffer (pH 8.3). Electrophoresis was carried out under a constant current of 15 mA for 5 h, and ended when the albumin zone of the samples had migrated about 45 mm into the separating-gel layer. The voltage was 140 V at the start and 450 V at the end. The gels were then placed in a solution of 50% methanol, 7% acetic acid and 0.025% Coomassie Brilliant Blue R-250 for 1 h, and were destained overnight with shaking in 7% acetic acid solution.
They were photographed before and after incubation with silver enhancement solution (Silver Stain Kit, Sigma Chemical Co., St. Louis, MO). Figure 1A shows representative protein profiles of the blood plasma. At least 15 distinct protein bands were noted, which were identified as albumin, post-albumin (more than 3 bands), transferrin, post-transferrin (3 bands) and a broad zone of high-molecular-weight proteins (~6 bands). The pre-albumin fraction was fuzzy and difficult to differentiate. There were no changes due to pregnancy and maternal aging in the protein patterns of the plasma samples. Figure 1B shows the protein profile of the uterine fluids at estrus and on Days 1 to 5 in young and aged hamsters. The conspicuous protein bands in the uterine fluids correspond to albumin and transferrin. In the young hamsters, one protein band (Protein a) in the high-molecular-weight area of the uterine fluid diminished on Days 4 and 5, whereas it was still detected in the sample from the aged females until Day 5. In the post-transferrin region, three protein bands were discernible in the young uterine fluid, but the slowest-migrating band (Protein b) was undetectable in the aged uterine fluid on Days 3 to 5. One protein band (Protein c) in the post-albumin region, not identified in blood plasma, became very faint in the aged uterine fluid at estrus and on Day 1.
Results
The use of the silver enhancement technique provided high resolution of the protein components in the uterine flush ahead of the albumin band towards the anode side. A few bands were detected in the pre-albumin region, especially at estrus and on Days 4 and 5, being different in mobility from the plasma pre-albumin fraction. One of the bands migrating faster than the prealbumin (Protein d) was not observed in the young uterine fluid on Day 5, whereas it was still detected in the aged sample. Uterine fluids on Days 4 and 5 contained some rapidly migrating proteins (Protein e) on the anode side, having more than twice the mobility of albumin. Interestingly, more proteins were detected in this region of the aged uterine fluid than in the young uterine fluid.
Discussion
The present study demonstrated that hamster uterine fluid has many proteins which contain the uterus-specific components, and that the protein components migrating in the high-molecularweight region (Protein a), post-transferrin (Protein b), and pre-and post-albumin regions (Proteins c, d and e) were different between the young and aged hamsters. Lack of Protein c in the postalbumin region of the aged hamsters occurred at estrus and on Day1, which is when spermatozoa ascend in the reproductive tract and fertilization occurs in the oviducts. The other conspicuous proteins in the uterine fluids of pregnant hamsters were seen in the very-rapidly-migrating-protein region, ahead of the albumin band towards the anode side. The functions of these proteins are not known, but it seems reasonable to assume that the protein profiles on Days 4 and 5, which is when the blastocysts attach and begin to invade the endometrium in the hamster [3] , reflect the progesterone-respondent and/or embryodependent changes of the implantation stage. We, therefore, suggest that the differences noticed between the young and aged uterine fluids might be related to early embryonic loss in aged hamsters, the result of declining fertilization rates [2] and delayed development and implantation of the embryos [3] . In a preliminary study, the ratio of estrogen and progesterone during the periimplantation period was significantly lower in aged hamsters than in young hamsters (Suzuki and Xi, unpublished data). This might be one of reasons for the alteration of protein profiles in the aged uteri during this period, because ovarian steroids modulate the synthesis and secretion of uterine proteins [7, 8] .
In the rabbit uterine fluid, the presence of embryotoxic substance(s) with low molecular weight, has been reported [15, 16] . It remains unclear what function the very rapidly migrating proteins detected in the hamster may exert. However, recent studies suggested that oviductal fluid glycoprotein with high molecular weight, referred to as oviductin, can bind the endometrium and that it may have a function in the implantation of developing blastocysts in the hamster [17, 18] . Further biophysical or biochemical investigations may ultimately allow us to discover the physiological importance of each protein component, thereby elucidating the suitable milieu for early development of hamster embryos. In addition, factor(s) affecting normal fertilization and implantation can be effectively detected in comparative studies of young and aged females.
